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FOREWORD 


This rsport docuswnts ths results of the work porfonstd by Chrysler OorpursClon 
Spece Division (CC8D) on Che developewnt of s Rettery Rtetus Monitor under con* 
tract NAS 0-136S4. This unit has the cepebility of providing the energy status 
of the battery, measure and transmit basic parasMCers, process chose measuresients 
required to determine abnonsal functioning of Che battery, and transmit warning 
algnals of Che abnormal condition along tdth a Co/Mo Go signal* 
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vli 


I 


SBCnOM 1 

iPlimymgH 


Chryttor Oorporaelen Spaea Divlaion haa davalopad a ptototypa battary atatua 
■ealter ayataa Cor Cha Spaca Shuctla. 

TtM Baecory Statua Monieor (BW) CuncClona to: 1) provida tha aoargy atatua 

of tha battary, 2) aaaaura and trananlt baaic battary paranataraf 3) procaaa 
th>iaa Maauraiianta raquirad to datanilna abnotmal functlonlnt by tha battary, 
and 4) trananlt vaming aignala of tha abnomal condition along ulth a Go /ho 
Go algnal* 

Tha objactlvaa of tha progran uara to daalgn a ayatan that would Inprova tha 
daalgn and oparatl' nal charactarlatlca of tha Spaca Bhuttla by: 

o Inprovlng turnaround capabllltlaa 

o Lowaring talanatry naaauranant raqulrananta 

o Adding radundancy and autonony 

To facllltata. attalmMnt of thaaa objactlvaa, tha progran waa dlvldad Into tha 
following phaaaat 

o Fhaaa I • Tochnlcal taqulrananta Daflnltion 

o Fhaaa II - Nodlflcatlona for Altamata Battary 

o Fhaaa III • Syatan Daalgn 

o Fhaaa IV - Syatan Parfomanca Danonatratlon 


1-1 


Met Ion 2 


iQUinttMT tiQtnipgTi 


2*1 Gonoral loqulroaonto 

MquiroMnta for tho B8N prototype unit wore bated on the following t 

o Muat be capable of operating with a 10 anp^hour, 26 vantad 
call nickel cadaiun (Vi*Cad) battery. 

o Huat ba capable of providing energy atatua (capacity) of tha 
battery with proper coapanaation for charge efficiency, bat- 
tery taaparatura and atand loaa. 

o Muat ba capable of aaaauring and tranaaitting baaic paraaatara 
on parallel continuoua analog outputa. 

o Muat ba capable of procaaqlng varioua neaaured data Co detoraina 
abnoraal functioning of<thft battery. 

o Muat ba capable of tranaaitting warning aignala of tha above 
abnoiaal conditiona along v#ith a Go /Mo Go aignal. 

o Muat ba capable of retaining aeaory of energy atatua during 
extended atand parioda. 

o Muat ba capable of accoanw dating ailvar cadniua or ailver nine 
battarioa with aininun davelopaent coat and tine. 

2.2 Battery Statue Monitor 

To aeot the overall raquiraaenta tha BSM haa tha following charactariatica: 

o Bower Input • 28 plua or ainua 4 volte DC. Tha energy atatua 
aaaory ia auppliad directly froa tha battery ao aa to ba 
anargiaad at all tiaea. 

o Input Signala » Capable of accepting tha following input aignala: 
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0»1.75 VDC 


26 


lliunyx 

Battery Call Valtagaa 
Battery Taaparatura 
MacharB* Currant 
Charge Currant 

Praaaura 


32 ®r-UO®r 
0-100 ilnpa 
0-1 imp 
0-50 paia 


5 



1 


1 


a Bnargy statue circuitry capable of coapansatlng for tho offoct 
of the followlag paranetora: 

% 

o Charge officiancy 

o Charge efficiency with tanporaturo conpanaatlon 
o Stand lose 

o Capacity voraus tanporatura 
o Data processed and the follovlng signals transaiittadt 


M- 



fiiiMtir 
imp Hour 
Capacity 
Charge Currant 
Discharge Currant 
Total Battery VPltaga 

Hedlan Temperature 

u 

Prossura 


and following warning signals trananlttadt 


liBBt 


0-1001 

t « 

0-1001 

± » 

0-1*0 Asp 

Pig. 2.1 

0-100 imp 

Pig. 2.1 

0-43 volts DC 

m 

± 11 over ^ 

range of 20 
to 43 volts 

32®F-130®r 

* l«F 

0-30 psla 

♦ 21 PB ^ 

abnotsal functioning of battery 



ttfntrg Vfvfl 


Worninn SiEMi 

Ovtrvolrag* on Charge 

UndarvoUage on Diacharga 
and Open Circuit 

Ovartanparacura 

Ovarpraaaura 


Voltage Laval Adjuatabla 


Voltage Laval Adjuatabla 
Voltage Laval Adjuatabla 
V. It age Laval Adjuatabla 


o Go /Ho Co aignal trananittad baaed on atata of conbined warn- 
ing aignala. 

o All aignala trananittad by the BSM are 0 to S volta DC. 


Section ) 


Bowttgifr PEsciimoii 


3*1 BoCtory Statue Honltor (B8M) Syatan 

• 

The B8M ayataai includoat 


o battery Stetua Honltor Aaaeably (figure 3*1) 
o Hodlfled Battery Aaaen* *** (figure 3*2) 


The Interconnection of the above ayateai la shown In figure 3*3* The connector 
pin functlona are identified In table 3*1* 


3.2 


Battery Statue Monitor Aaaeably 




The B8H aaaeably conalata of a power aupply board and five wire wrap type 
electronic circuit boarda (WTB). The achecMtlc for the aaaeably la SKEE B*6. 
The circuit boarda are ahown with the aajor coaponenta Identified In flgurca 
3-4 through 3-9. The board Interconnection Uat la given by table 3-2. The 
adjuaiable functlona are outllmd in table 3-3. 


The power board (PCI) converta tlte 28 ^ 4 VDC Input Into the varloua voltaKca 
required by the BSM. It conalata of two coinwrclally available DC -DC converterb 
which provide <*>15 VDC, -15 VDC, <*>12 VDC, -6 VDC and 44 VDC. 


The electronic circuit boarda (PC2 through PC6) receive Input power froa PCI. 
Battery voltage, cell voltage, charge and dlacharge current, teaq>erature and 
preaaure algnala are received froa the awdified battery aaaeably and converted 
to the following 0 to 5 volta output algnala. 

o Energy Statue 



o ibap-Hour 
o Capacity 


0 Current 

1 o Diacharge Current 

I o Charge Current 

o Median Teaperature 

o Total Battery Voltage 


\(w 1 ? 



Figure J- I . 
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TABLE 3.1 OOMECTOR HM OOlOBCnOHB 


I 

iH 


8ICNM. 0B8CRXFT1ON 


#10 


SPABE 

* Shunt 

• Shunt 


OONNBCIOR • HU 

ISM AntMhly 

Bntcnry 

J3-K 

J3*-K 

J3-L 

J3'-L 

J3-M 

J3'-M 

J3*N 

J3'-M 

J3-P 

J3*-P 

J3-R 

J3’-R 

J3-V 

J3'-V 

J3-W 

J3*-M 

J3-X 

J3'-X 

J3-Y 

J3'-Y 

J3-b 

J3'-b 

J3-C 

J3'-c 

j3-d 

J3'-d 

J3-« 

J3'-« 

J3-f 

J3'-£ 

J3-h 

J3*-h 

J3-J 

J3'-J 

J3-k 

J3'-k 

J3-1 

J3'-l 

J3-« 

J3'-« 

J3-g 

J3’-g 

J4-A 

J4’-A 

J4-B 

J4'-B 


PUNCTIOHS 


EXTERNAL 


* Thnniistor #1 


J4-C 


J4'-C 









j TABLE 3.1 CONHECl'OR 

I 

I SIGNAL DBSCtimON 

• TiMniiiCor #1 
4 Th«nil«Cor #2 
- Th«nil«tor #2 
4’ Thtniltf.or #3 
> Thsmlitor #3 
4> 2V Rcfartncc 

Prassur - #1 
Pr««tur« #2 
Pressure #3 
Pressure #4 
4> Chsrger/Losd 

• Charger/Loed 


OONMECTIUNS AND FlTNCriONS 


OONNECTOR 

• HN 

EXTfRNAL 

GONNiCTTON 

ISM Assesibly 

Battery 

J4-D 

J4‘-D 

• 

J4-B 

J4’-B 

« 

J4-P 

J4*-r 

m 

J4-G 

J4*-G 

m 

J4-H 

J4*-H 

m 

J4-J 

J4'-J 

m 

J4-K 

J4*-K 

m 

J4-L 

J4*-L 

m 

J4*M 

J4’-M 

ea 

J4-M 

J4'-M 

• 

m 

J5-E 

Cherg«v/Load 

m 

J5-B 

Charger/Load 
















Figure 3-5. PC-2 BSM Asseniluy Board 
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Figure 3-ft. PC- 3 BSM Assembly IV>.ird 
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Figure 3-7. PC-4 BSM Assembly Hoard 
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FiKure 3-8. I’C-5 BSM Assembly Board 
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Figure 3-9. PC-b BSM Assembly Board 
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TAHl 1.2 rc lOAAD tirmOOnBCTKW LIST 












TAIU 3*2 K lOAtD XNmOOmiCnON LXIT 


SICaML 

KfClIPnOM PC« PC) PC4 PCJ PC2 PCI 


Pr«t«ur* #2 




Prastur* #3 

Prtaatir* #4 

Outpue Praat* 

Over Praia* 
Harnlnt 

Ovar Praia* 

Mad. Taap. 

Oueput Capacity 

Output Aap-Rr* 

Output Mad* 
Taap* 

Output • 

Total Voltaga 

Call Voltaga 

Clock 1 


Go /Ho Go naming 

Gall Un4orvolt« 
Haraiog 

fr 

Call Ovarvolt . 
Haraiog 




Ovartaop* 

Haraiog 

• Thanaiator #3 
4> Tharadator #3 

• Thanaiator #2 


r 












TAU 3.2 K lOARD IHmoOWKTlOl LIST 


tlOML 

otfcumov 


IC6 


res 


fOk 


fa 


fC2 


PCI 


AatMkly 

OOm-PlH 


I. 


4 TiMraittor #2 
o ■ Thftcalstor #1 
^ TlMnilttor #1 


I • 


V 

Y 
Z 


J4*B 

J4«D 

J4»C 


ilvpllfUr 1 
Ground 

Output Ground 


2 


V 


K 


J2-M 




•witch * 
•witch * 
•witch * 

€m 

•witch * 
•witch * 
Clock 2 
tolcy ** 
tolay ** 
♦ 28 V <»* 
. 28 V ** 



* Thoao pina apo connoccad to the energy react awitch (BM) 

** Thoao pine arc cennactad to the relay uaod in atand loaa 
circuit. 



TABU 3-3 rc CARO AOJU8TMEHT8 



ADJ. NRNB* 

AOJ. FUNCTIOII 

Tmp R«f. 

Thanalator nacaork 
voltaga rafcrancc 

Ov«rtMp* 

OvertanparaCura 

rafaranea 

Mad. Taap. 

Uaad In nadlan 
tenp. algnal 
conditioning 

Ovarvolt • 

Ovarvoltaga In 
charga rafaranea 

Undar-OC 

Undarvoltaga on 
open circuit 
reference 

Undar-Dls. 

Undervoltage 
on dlacharge 
reference 





DACl 

Adjuatnent on 
D/A converter 

DAC2 

Adjuatinant on 
D/A converter 

t’raaa. ftef. 

Fraaaura trana- 
ducar voltaga 
rafaranea 

Ovarpreaa. 

Overpraaaura 

rafaranea 

Preaa. Gain 

Gain adjuatnent 
on preaaure alg- 
nal conditioning 

Batt. Eff. 

Energy atatua 
circuit battery 
efficiency ad- 
Juatment 

Dlacharge 

Energy atatua dla- 
charga rate 
adjuatatent 
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o Prcstur* 


o Warning Signal* 

o OvarvolCaga on charge 

o Undervoltage on dlachargc and on open circuit 
o Overcenperature 
o Overpreaaure 
o Co/No Go 

The charge and diacharge current aignala are converted to an amp«hour aignal by 
applying the current input signale through a chopper stabilized amplifier to an 
integrator/pulse generator «ihlch emit pulses equivalent to a predetermined nuai* 
ber of ampere-hours. The pulses ere applied to an eight-bit up/down binary 
counter which also acts as a memory device during long stand periods to retain 
the output reading. The outputs of the counter are applied through inverters to 
a digital-to-analog (D/A) converte:. The output of the D/A converter is signal 
conditioned and transmitted as the amp-hour output. Compensation for efficiency 
and stand loss is made at the integrator/pulse generator. 

The amp-hour output signal is applied to amplifiers where it is temperature 
compensated to reflect battery capacity reduction due to temperature. The 
modified signal is transmitted as the capacity output. 

Charge and discharge current signals from the battery are signal conditioned 
end transmitted as charge ind discharge current outputs. 

Three temperature signals are received from the battery. The high and median 
temperatures are determined by logic circuitry. The median temperature signal 
is conditioned and transmitted as the median temperature output. The high tem- 
perature signal is compared to an overtempereture reference voltage and a five 
volt overtemperature warn! ig aignal is transmitted if the temperature signal 
exceeds the reference. 

Battery voltage is measured, signal conditioned and transmitted as the total 
voltage output. |t 

The cell voltages are received from the battery and applied through a resist- 
ance voltage divider network to the multiplexers. They scan the cell voltages 
and convert them to V.o single output cell voltage wave trains. The wave trains 
arc applied through a differential amplifier to comparator circuits which moni- 
tor the cell voltages for under voltage during open circuit or discharge and 
overvoltage during charge. The output of the comparators are conditioned to 
provide undervoltage and overvoltage warning signals. 

Battery case pressure is measured, signal conditioned and transmitted as the 
pressure output. The pressure output is also compared to a pre*aure reference 
voltage and a five volt overpressure warning signal transmitted when the sig- 
nal exceeds the reference. 
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Xf any of tbo varnlm algnala ladlcata a« abnomal condition, a five volt No Go 
aignal la tranaailttod. Vhan all warning algnala am In a aoro atata, a com 
vole Go algnal la tranaadtcod* 


3.3 Hodlflad gattory Aaaonbly 

Tha eaat baceory haa boon nodlflad to provide cha following Infonaatlon to tha 
BSH aaaawblyt 

o Charga/Dlacbarga Curmnt 
o gattory Voltaga 
o Tanporatuma 
o Pmaaum 

Tha nodlflcatlona am aa followat 

o Wiring to provide coll output voltagaa 

o Thma linear thamlator networka nountod on thmo of tha battery 
call Interconnection otrlpa 

o A 100 mp ahunt 

o A atraln gaga typo pmaaura tranaducar nountod on tha battery 

caao. 

o Oonnactora to provide tha necaaaary Intarconnactlon botwoan tha 
battery and gSH. 

3.4 Initial Syaton Operation 

Tha BflH la Initially noted with the nodlflad battery aa followat 
o Charge tha battery to lOOX and connect to B8M* 
o Apply power to cha B8M. 

o Adjuat tha output of tha BSM to lOOX by lapmaalng tha energy 
moot awltch (BBS) on tha B8M aaaanbly until tha voltaga acroaa 
J2 pin A and J2 pin M mada S 1 .04 VDC. 

o The BSM %rlll now nonltor battery atatua. 
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ACCEFTAMCi TEST FBEPORMAIICE DATA 


4.1 GBMral 

Mfulea of cho Accoptanct Taat art daacrlbad In tha following paragrapha. Tha 
tnaC waa run In accordanca with tha Accaptanca Taat Plan n.>lB*74-14. 

4.2 Currant Haaauranant 

Tha eharga currant output algnal waa aaaaurad whan tha battary waa balng chargad 
at 0.2S anpara» 0.50 anpara, 0.75 anpara and 1.0 anparaa. A comparlaon of tha 
taat raaulta with tha axpactad raaulta la glvan In tabla 4*1. All raaulta wara 
within tha apaclflad naaauraaant taat tolaranca. 


Currant 

Expoctad Valua 

Taat Raault 

0.25A 

1.25 VDC 

1.21 VDC 

0.50 A 

2.50 VDC 

2.49 VDC 

0.75A 

3.75 VDC 

3.76 VDC 

l.OOA 

5.00 VDC 

5.02 VDC 


Tabla 4-1 Charga Currant Taat Raaulta 

Tha dlacharga currant output aignal waa naaaurad whan tha battary waa dlacharglng 
at 10 ■llllMiipa, 100 nllllnDpa, 1 anpara. 10 anparaa and a alnulated Input algnal 
of 100 nuparaa. A conparlaon of taat raaulta %rlth tha axpactad raaulta la glvan 

In tabla 4-2. 


Currant 

Exoactad Vflua 

Taat laauU 

lOnA 

0.0005 VDC 

-0.0005 VDC 

lOOnA 

0.0050 VDC 

0.0045 VDC 

lA 

0.050 VDC 

0.044 VDC 

lOA 

0.500 VDC 

0.501 VDC 

lOOA 

5.000 VDC 

5.056 VDC 


Table 4-2 Dlacharge Current Teat Reaulta 
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Charge and dlacharga current percent error* are plotted for coaparlson with rh«> 
teat tolerances In figure 4»1. * 


The dlecharge current error is slightly greater than the specified tolerance 
because the tolerance represents the error at the output of the chopper stabi- 
lised asipllfler and does not take Into account the output buffer amplifier cir- 
cuitry used to provide the 0 to 5 VDC teleMtry output signal. The discharge 
current slg'ial errors were adjusted to Insure that the actual capacity of the 
battery will be always slightly greater than the readout value of capacity. 

The Increase In thu error at the 100 asqpere test point Is due to the use of sIbk 
ulatlon circuitry to provide an Input signal rather than actually discharging 
the battery at 100 amperes. 

4.3 Total Battery Voltage Haasurenent 

The output was measured with battery Input voltage at 0 volts» 19.97 volts, 30. 
volts and 43.73 volts. A comparison of results Is given In table 4-3. All re- 
sults were within the test tolerance of ^IT between 20 and 45 VDC. 


Voltage 

Expected Value 

Test Result 

Error 'L 

0.00 VDC 

0.000 VDC 

0.006 VDC 

m 

19.97 VDC 

2.219 VDC 

2.203 VDC 

-.797. 

30.05 VDC 

3.339 VDC 

3.313 VDC 

-.77% 

43.73 VDC 

4.859 VDC 

4.819 VDC 

-.827. 


Table 4-3 Total Voltage Test Results 


4.4 Teaqwrature Measurement 

lha three thermistor networks were checked and found to work properly. The high 
and BMdlan temperature logic was checked for all combinations of high, medlm c**'* 
low Input temperature signals and worked properly. The aiedlan temperature 
was checked at a simulated 32®P, 80®F and 130®P. Results are given In tabl-^ —4. 


Median 

Tcbnerature 

Expected Value 

Test Result 

Error 

32°P 

0.000 VDC 

-0.048 VDC 

-0.94®F 

80°F 

2.427 VDC 

2.353 VDC 

■H.45®F 

130°F 

5.000 VDC 

5.049 VDC 

+0.96°F 


Table 4-4 Temperature Test Results 


The error at BO F is slightly above the test tolerance of ^1°P. This Is attributed 
to the Imbalance between the circuitry used to simulate the three-thennlstor Input 
voltage network and allghtly unmatched condition between the three temperature chan 
nel circuits used for median temperature selection. In actual operation. the therm 
Istors are matched within ^.3°P. 
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Error in Vrrcnnt of Enading 




4.5 4iip Hour Accounting 


Til# «p-hour circuitry vo« totted without current conpenittion for ditchtrget of 
•peret for 27 ninutet tnd 20 aiperet for 12 ninutet. Conpariton of test re- 
tulta with the expeetdd valuet it given in table 4-5, Reaulta were within the 
teat tolerance of *2%, 



Expected Value 

Teat Reaulta 

Error in % 

4.0 ah 

2.000 VDC 

1.993 VDC 

-0.35% 

4.5 AH 

2.250 VDC 

2.268 VDC 

+0.80% 


Table 4-5 ilaip-Hotir Teat Reaulta 


The aaip-hour output waa calibrated with temperature compenaation adjuatments 
BMde to the charge accounting circuitry. The charge efficiency waa aet for 
98. 8T at at 78®F and 797L at 130®F. 


The capacity output waa teated over the temperature range of 32^F to 130°F. Re- 
aulta are given in table 4-6. All reaulta were within the tolerance of *57,, 





Error in % 

32°F 

4.53 VDC 

4.53 VDC 

0.00% 

51 .6®F 

4.74 VDC 

4.72 VDC 

-0.42% 

71.2®F 

4.95 VDC 

4.91 VDC 

-0,81% 

79°F 

4.98 VDC 

4.97 VDC 

-0.20% 

92.2°F 

4.98 VDC 

4.97 VDC 

-0.20% 

98.6°P 

4.96 VDC 

4.96 VDC 

0.00% 

110.4°F 

4.64 VDC 

4.78 VDC 

+3,02% 

130OF 

4.42 VDC 

4',45 VDC 

+0.68% 


Table 4-6 Capacity Teat Reaulta 


The atand loaa circuitry waa teated and indicated a 12 +1.5% capacity correction 
over a ten day atand period. 


4.6 Preaaure Meaaurement 

The preaaure tranaducer waa teated at atmoapheric preaaure and functioned properly. 
The preaaure meaaurement circuitry waa teated at atmoapheric preaaure and a prea- ’ 
aure of 31 pala. Teat reaulta were within the tolerance of +1 paia and are given 
in table 4-7. 
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Pressure 




14.7psla 
31 psla 

1.47 VDC 
3.10 VDC 

1.44 VDC 
3.09 VDC 

-.3 pale 
-.1 psla 


Tablt 4>7 Pr«Mur« T«tt Ratulet 


4.7 Action Signals (Warning Signals) 

All naming signals nora tastad using slnulatad signals and functlonad proparly. 
Tha (k>/No Co signal was nonltorod during tha coat of tbs warning signals and It 
Mt tha apaclClad raqulronanta. 

4.8 Inpadanca 

Output Inpadanca, Insulation roalstanca and Isolation raslatanca wars naasurad 
and naat tha tolarancas glvan In tha daalgn/parfomanca apaelflcatlon. 


4.9 Supply Voltaga 

All outputs wars naasurad with an Input supply voltaga of 24 volts and 32 volts 
with a nolsa laval of 1.0 voltspaak to paak fron saro to 20 KMs. All outputs 
oparatad proparly at tha abova supply voltagas. 

4.10 Tanparatura 

With tha BSM In a tanparatura chanbar, oparatlonal chacks wara parfonsad aftar a 
soak parlod of 30 nlnutas with tha chanbar sat at O^P, 130*’p and 175^F. Tha opara- 
tlonal chacks iRcludad the following: 

o Hsdlan tanparatura output at aad>lant. 

o Total battary voltage output. 

o Dlscharga currant output with a dlscharga currant of 10 anparas. 
o (Siarge currant output with a charge current of 1 snpere. 
o da^hour and capacity circuitry, 
o Pressure output at atawspherlc pressure. 

o Overvoltage, undervoltage and go/no go outputs with slnulsted abnormal 
conditions. 

0 0vartesq>erature and overpressure outputs. 

All outputs operated properly at the three tenperatures except the pressure out 
put. The pressure readout circuitry exhibited an output change with wide tempers- 
i ura variations (approxlnataly 9.7 nv/ F) idilch exceeds the specification require- 
nent for thepressure circuit. Recomnanded Inprovement of this circuit Is discussed 
In Section 5. 






4.11 Other BavlrooMntal RequlreMnte Analysia 

This •Mlysie Includes the operetlonel cepe^llity and general ■odiflcitlons 
required on the B8M to nset the vibration, altitude end hunidity envtrononcel 
requi resent a. 

4.11.1 Vibration 

All the cosponente used in the BSM have the capability to nore than withatand 
the specified vibration requirement. Houever, the coaiponenta would be repackaged 
on F.C. cards using solder retl nr then the wire wrap technique uaed in the proto- 
type. In addition the integrated circuits would be soldered directly instead of 
using plug-in sockets. The PC boards are a»unted such that all four (4) aidsi of 
the cards ere supported resulting in prevention of high level sMchanicel resonances 
that would result in overstreaeing. 

4.11.2 Altitude ° 

r- 

The unit should encounter no difficulties or present any operational hasard in 
operation under the required altitude environnent. All voltages within the eye- 
taai ere ummll (epproxisMtely 46 VDC smx.). 

» 

4.11.3 Humidity 

The BgH is a sealed unit. Therefore, no problem should be encountered during 
operation at the specified humidity enviroisMnt. In addition the PC boards 
shall be coated in accordance with the material specification for the airborne 
aquipment . 



Section S 
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S.l General 

Aleheuch the ayacea perfonaa nail, aoae dealrable inproveaenta nare identified 
during the teat pregraa. Osnaideration ahould be given to incorporation of 
thaae iaproveaanta in equipaant covered by follevon prograaa. The following 
are racoananded for conaiderationt 

o Circuit Slaplification and Coaponent Seduction 

o dap*Hour Naawry 

o Diacharge Current Range 

o Preaaure Circuit 

o Total h>«er Reduction 

5*2 Circuit Sii^llficatlon and Ooapouent Reduction 

Circuit aiaplification can be achieved both by review of preaent deaigned circuitry 
and uae of XC coaponenta with iaproved circuit denaity (Quad Op dapa» Quad Coa* 
paratora, etc.). 

S.3 Aap Hour Circuitry Hetiory 

The aap hour counter circuitry ahould be iaproved auch that the counter will 
retain the battery atetua readout when input power la reaoved and reapplied* 
Relleble operation of the preaent ayatea requlrea that 28 VDC Input power be 
applied to the ayatea cont|nuoualy* Thla laproveaent can be acconpllahed by 
either ualng a aeparate laHlated power aupply or by applying battery power to 
the aap-hour circuitry conclnuoua ly . 

5*4 Diacharge Current Rangea 

Two five volt rangea of diacharge current output can be uaed to laprove the 
accuracy of thla aeaaureaant* One range would correapond to dlachargea of 100 
aaperea to 1 aapere and the other range froa 1 aapere to 10 allllaaperea. 

5.S Treaaure Circuit 

The preaaure aeaaurlng circuit ahould be redealgnad to ellalnate the variation 
of the preaaure readout algnal with large changea In teaperature. 
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5.4 VMitr DlMiHtiM 


TIm m»mt of po«or kolag 4roMi froa tho koccory ohoold 4o roducod 4y lacroooiof 
cho layodoaeo of tho eoll ooltot* dlvidor clroilery« tocol bottory voUoto dlvl* 
dor, oad vorlouo ochor circuitry roquirlog bctcory pouor. 







yr^'- 


yr.i: 
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6*1 Mllabllity and Safacjr 

Tha raaulca of tha rallabilicy aeudy ara aa follovat 

Tha rallablllcy on rha orltlnally daflnad nlaalon (3 conpenanta oparatlnf 
contlQMOualy for thi' 7 day alaaion - 138 hra»» and tha raaMlnlng coaiponanca 
oporata for 1 hour) ylalda a ayaean rallabllity of .99966. Thla valua an* 
eaada tha goal of .999. 

If tha nlaalon tlna naa daflnad aa all conponanta having to oporata for tha 
antlra 7 day nlaalon (168 hra) tha total I8M ayatan rallabllity would ba only 
.98. In ordar to obtain tha rallabllity goal of .999 for a nlaalon of thla 
langth two antlra B8H ayatana would hava to ba nada radundant. 

Thara ara no alngla point falluraa In tha B8M which could load dlr.ctly to 
d«a§a of aqulpnant or paraonnal. 

6.2 Alcaraata 8attary Davalopnant Study 

A atudy waa nada to datacnlna tha doalga changaa and davalopnant coat In adapt* 

Ing tha praaant B8M daalgn to accoanndata allvcr*caAilun or allvar*ilnc battarlaa. 
Tha charactarlatlca conaldarad In aatabllahlng tha raqulrananta Includadt 

o Call and battary voltaga 

o Charga afflclancy 

o Tanparatura a f fact 

o Charging nathoda 

o Capacity loaa charactarlatlca 

1) Call and total battary voltaga 

To accoHBodata tha dlffaranca In nunbar of calla and tha par call 
voltaga, tha following clrculta raqulra rwvlalona: 

o Tha logic circuitry for tha nultlplaxar to acconnodata tha In* 
craaaa or dacraaaa In nunbar of calla to ba nultlplaxad. 
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o The gain of the dlf forontial output Mpllflcr for tho coll 
voltogo output circuitry* 

o Roodjuataoet of tha rofarance wltagoa for tha "undarvoltage" 
and “ovorvoltaga" alara circuitry* 

2) Charga Bfflclancy 

Tha charga efflclancy circuitry would roquira raadjuatnant . 

3) Taaparaturo Ef facta 

Tha taaparatura coaqianaatlon clicultry would raqulra raacallng tha 
varloua galna to accoaaodata allvar'cadaluai or allvar-alnc battarlaa* 

A) Charging 

Tha charging aathod would raqulra no changa* Howavar* tha rafar- 
anca voltaga lavala for raduclng tha chargar currant lavala would 
raqulra raacallng to accoamodata tha voltaga laval charactarlatlca 
of tha allvar-cadaluBi or allvar-alnc battary* 

3) Capacity loaa charactarlatlca 

Tha capacity loan In tanparatura circuitry raqulraa changaa In gain 
and ooaiparator rafaranca voltagaa to provlda for tha output capacity 
profile for allvar'cadmlian or sllvar*ilnc battarlaa* 

Tha raoult of the atudy ahowa that the davalopaent of a unlvaraal type BSM that 
can acconnodate nickal-cadnluai and allvar-cadailum or allver*ilnc battarlaa will 
raault In a par unit coat of approxlnataly 12*15 par cant above tha ‘.oat of the 
Nl'cad tyv;i; BSM. Tho par unit coat of a ollvar-cadmluai or ollvar*alnc unit would 
be tha aaaw aa tha Rl-cad unite except for a aaall non*racurrlng coat for the 
daalgn ravlalon and docuawntatlon. 
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Appendix I 


ULIABILITY/8AFETY STUDY ON BATTERY STATUS MONITOR (BSM) 
FOR CONTRACT NAS9-136S4 


The results of s preliminsry snslysis of the Bettery Status Monitor (BSM) are 
as follows: 

Assessed bosrd rellsblllty on the originally defined mission (5 components 
operating continuously for the 7 day mission - 168 hrs., and ;he remaining 
components operate for 1 hour) yields a system reliability of .99966. This 
valiM exceeds the goal of .999. 

The reliability of each of tha six boards Is ralatlvely close to one another. 
This Is good In that there Is no one or two "bad" boards l.e., boards with 
significantly higher failure rates which would result In repeated failures 
and high system down time. 

The coaiponents with the highest failure rates are the D/A converter, and the 
threa SMdular amplifiers Al. A9 and AlO. The failure rates are not excessively 
high, however, and In fact are quite acceptable. 

If the mission time was defined as all components having to operate for the 
entire 7 day mission (168 hrs) the total BSM system reliability %K>uld be only 
.98. In order to obtain the suability goal of .999 for a mission of this 
length two entire BSM system, would have to be made redundant. 

Thare are no single point failures in the BSM which could lead directly to 
damage to equlpsmnt or personnel. 

Some background data are IncJ-'ded In the attached tables and diagram. 
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BOARD 

.jbsiai 

•'ON*' TIKE 

Board al 

27.0$ 

«l 

Board #2 


ii 

Board #3 

17.9$ 


Board #4 

19. $3 

«l 

Bo«cd #5 

21.11 

‘l 

A>war Board 

8 . $3 



*1.32 Is ths fsilura rats of 5 conponsncs on board #2 which art supposed Co ba 
on for cha encira 7 day Blsaion (C2*168 hr). Thaaa conponanct ara BC*lC, BC* 
2C. R202» C;, O3. 

Aaauaiing all othar coaiponar.ci oparaca for c^*l hr»| Chan Cha tyacaai ralisbnicy 
lai 

- (117.78) Cj (1,32) tjl 

R - * L J 

R • .89966 




• Hit • 

Capacity 
Madlan Taap. 

Total Voltac* 

Praaaurc 

Currant 

Uarnlng - Ovar/Undcr 
Voltaga 

Uarnlng - Ovar Temp. 
Warning - Over Preeaure 
Uarnlng - Go/No Go 

TOTAL SYSTEM 


F/aLURE R^E 
y X 10^ AJSj, 


40.89 

•’4 

69 

66.79 

■ *’4 

33 

18.64 

•’4 

81 

10.22 

•’5 

0 

27.26 

•’4 

73 

19.72 

.94 

80 

31.07 

•’4 

69 

21.02 

•^4 

79 

29.64 

•’4 

70 

65.43 

•«4 

35 

119.11 

.93 

881 


1 Day 
Hr.) 

1 UK. 
<168 Hr.) 

.9j 02 

.9931 

.9 2 840 

.9688 

.93 55 

.9969 

.93 75 

.9983 

.93 35 

.9954 

.93 53 

.9967 

.93 25 

.9948 

.93 50 

.9965 

.93 29 

.9950 

.9j 843 

.9»90 

« 

.9^ 714 

.930 
















